The town of Relizane was built near Oued Mina, upstream of which is erected a dam of Sidi M'hamed Benaouda; while the city was protected in its time by a dike dating from the colonial period. Local authorities have recovered the land near the floodplain by building a new dike replacing the old one. However, flood risks persist on the city. Flood risk management plans for this new area should be provided for better protection of citizens and property.
INTRODUCTION
Natural disasters have been on the growth since the 1980s, mainly due to the rise in the temperature of the atmosphere and the seas, a direct consequence of global warming, according to the experts of the intergovernmental experts group climate change (IPCC); Floods and storms have increased in intensity and frequency.
In Algeria, the phenomenon of urban flooding becomes palpable since it has affected several cities with dramatic consequences sometimes; in the heart of Algiers at Bab El Oued a terrible flood occurred from 10 to 14 November 2001, causing loss of life and material damage, since there are more than 650 victims, damage of homes and movement of people.
In October 2008 in Ghardaïa the floods caused more than 40 victims and damages of houses located near watercourses. Other floods were generated in Oran on December 23, 2010; in Skikda on February 3, 2011 and in Annaba on November 3, 2011 reported by Harizi F.Z. (2013) . More recently in In Gezzam, Tamanrasset, Tebessa and Constantine floods occurred between August and September 2018 causing substantial damage according to the national press posted on the site of APS Algeria (http://www.aps.dz/algerie/tag/Inondations).
Several recent works have focused on the phenomenon of flooding in Algeria among them Djellouli, Y. and Saci A. (2003) , Lounis GC et al (2013) , Benyahia et al (2014) , Benaouda A. (2014) .
The city of Relizane takes its name from Berber Igil Izane, is chief town of the wilaya, located 300 km west of Algiers. In addition, it is bounded by the wilayas of Mostaganem, Mascara, Tiaret, Chlef, and Tissemsilt. The wilaya of Relizane occupies on a land base of 4,851 km², its population was 733 060 inhabitants in 2008 according to ONS (http://www.andi.dz/index.php/fr/statistique/population-algerienne), and would have exceeded one million inhabitants; most of whom live in the city of Relizane.
Oued Mina has its source on the plains of the side of Frenda, its affluent network is vast, and has two dams on its route that of Bekhedda and Sidi Mhamed Benaouda, see Figure 01 below. Detailed analyzes were made by B. Sahraoui (2015) and A. Messak on the hydrology and rainfall of the Oued Mina watershed. This same Oued passes near the town of Relizane on the west side, an old dam was erected near the town currently completely silted, was formerly operational and allowed the irrigation of the adjacent plain. 
DEVELOPMENT OF THE SOUTH-WEST ZONE OF THE CITY
The city is built on a relatively flat surface, east of Oued Mina. Since between the Oued Mina and the city there are no natural obstacles, a large part of the city will be flooded, in case of overflow, Therefore, a dike was installed since the colonial period to protect the northern part from the city. Indeed, even the flood of June 1966 which is considered to be an exceptional flood did not affect the city; however, the dike was of effective protection.
For the extension of the city, a large area near the bed of Oued Mina has been recovered and protected by a new dike to replace the old.
The city of Relizane is located near Oued Mina, which represents a danger in case of strong floods. In addition, upstream of Oued Mina about twenty kilometers is erected a dam with a capacity of 240 million m 3 , which represents another danger in case of rupture of this infrastructure.
Situation before the development of 2009
Oued Mina has been used for a long time for irrigation of the plains, a dam was erected during the Ottoman period, of which only a few remains remain. During the colonial period another dam was built, modifying the route of the Oued, and is currently completely silted. Figure 2 shows the state of Oued Mina near the dam before its development. The town of Relizane was protected by a dike in case of flood and overflow of Oued Mina, as traced in blue color in figure 3 below. In case of heavy floods, the plains of both banks of the Oued are submerged. However, the evacuation of the water was done partly at the dam by fully opening the gates, another part of the water is naturally directed to the old Turkish dam. Works of development of the Oued were made making it able to support a high flow. Indeed, a reinforced concrete canal was built by slightly modifying the course of the wadi, see figure 4 . A new dike was erected near the Oued a few meters from the border, see figure 3, drawn in yellow color. It should both protect the city in place of the old dike and allow to recover important areas. The photo opposite shows the course of the Oued after its development; corresponding to the green color line in Figure 3 . Aug total 1990 Aug total 16,5 16,8 48,3 29,0 23,8 35,0 86,6 1,7 30,4 3,4 2,8 4,8 299,1 1991 Aug total 0,4 42,2 33,4 12,2 14,7 13,3 65,2 9,9 26,1 19,4 0,6 0,1 237,5 1992 Aug total 0,7 14,9 20,7 32,8 0,0 33,9 19,6 47,3 12,2 0,4 0,0 0,5 183,0 1993 Aug total 17,1 28,5 44,1 12,6 41,9 51,7 2,9 23,3 4,6 0,0 0,0 0,0 226,7 1994 Aug total 5,3 26,6 27,9 6,6 30,9 22,5 56,9 4,2 0,7 8,4 0,0 15,8 205,8 1995 Aug total 29,6 12,9 23,1 25,6 59,1 113,9 26,3 45,2 18,1 27,6 3,5 2,0 386,9 1996 6,8 0,0 77,1 9,1 0,4 0,4 11,5 177,5 1997 15,1 24,3 51,9 32,0 19,1 16,2 9,8 18,2 38,2 0,0 0,0 2,4 227,2 1998 3,5 13,3 10,9 27,3 32,1 37,4 72,3 0,2 25,5 0,0 0,0 0,6 223,1 1999 33,7 19,2 28,6 78,2 0,2 0,0 8,1 4,8 7,1 0,0 0,0 0,1 180,0 2000 33,5 56,6 70,4 9,5 105,2 40,1 0,8 41,1 7,5 0,0 0,3 0,4 365,4 2001 15,6 8,5 85,9 18,0 3,1 0,4 41,2 41,7 49,7 1,9 0,0 6,1 272,1 2002 0,7 22,5 41,9 5,9 47,1 41,7 2,5 54,8 26,6 2,4 0,0 13,8 259,9 2003 8,8 21,9 47,1 62,7 19,4 27,3 9,2 12,9 76,4 5,9 0,0 3,7 295,3 2004 10,8 32,9 38,4 72,4 18,6 52,2 19,1 6,6 0,0 2,7 0,0 0,0 253,7 2005 8,9 25,7 84,0 18,6 44,5 39,8 12,3 19,3 58,4 7,9 0,0 0,0 319,4 The plot of annual precipitation shown in the curve in Figure 6 , shows a significant variability, with peaks exceeding 350 mm / year.
Figure 6. Annual rainfall on the city of Relizane
In addition, the floods of Oued Mina are recorded, see Figure 7 , which also shows a wide dispersion of values with two major peaks around 900 m 3 /s over a short period in 1996 period in and 2001 period in . In 2001 was an overflow of the Oued, in this period there was still no construction on these lands. The watershed of Oued Mina remains an important basin, which can recover a large flow of rainwater, the canal erected near the city, see Figure 4 , can evacuate a large flow, of the order of 850 m 3 /s. Note that this flow rate is determined by the formulation of Manning-Strickler for a trapezoidal channel; whose geometric dimensions are, the height of 3.5m, the base of 6m and the upper side has a length of 24 meters; the coefficient K is taken equal to 95 for a smooth concrete; the average height difference was calculated by Sahraoui [8] and is 8.1m/km.
As long as the flow does not exceed this value, there would be no risk of flooding, beyond this flow the west bank will be submerged, see the arrows in Figure 8 showing the risk areas.
As a reminder, on the route of the canal only the east bank is protected by the dike; the maximum flow that the canal can evacuate has been exceeded twice in 1996 and 2001.
Figure 8. Indication of the risk
By its route, the canal runs a straight line before discharge into the spillway of the old dam. Before the beginning of this straight course, the canal runs along the dike to the turn where it is perpendicular to this dike, which presents risks of overflow and infiltration of the dike at this location, see detail in Figure 8 , the arrow showing the risk of infiltration.
CONCLUSION
The risk of flooding in the city of Relizane is still likely, despite the development of the southwestern zone. The effectiveness of structures such as the canal and the new dike will be tested in case of great flood of Oued Mina. Because the eastern zone of the canal bank is prone to flooding beyond a flood of 800 m 3 /s. This analysis leads to a typology of risk areas. Taking into account this risk of flooding is urgent.
